Due to labor cost increases, harvest of the breba crop, with its low production and lower quality fruit, has become economically unviable in some cultivars. Unharvested brebas are potential sites for fungal pathogens and they attract insects. Spring ethephon applications of 250 to 500 ppm applied before full leaf expansion, when the largest fruit are about 1.5 to 2 cm in diameter reduced the breba crop load (%92%) without adverse side effects. The use of early fall ethephon applications of 500 ppm also resulted in breba crop load reductions (%30%), but with significantly lower efficacy than spring treatments. ), when breba fruit and leaves are just starting to develop and figs are not present, was a safe, effective and inexpensive way (about $16 per hectare) to reduce the breba crop. Currently, ethephon is included in the federal IR-4 program, and residue studies are ongoing as a protocol for future registration.
F
ig is a nutritious fruit rich in fiber, potassium, calcium, and iron, as well as being an important source of vitamins, amino acids, and antioxidants (Chessa, 1997; Solomon et al., 2006; Stover et al., 2007) . There are over 407,000 ha of figs worldwide, with an annual production of nearly 1 million tons (Food and Agriculture Organization of the United Nations, 2007) . The United States ranks sixth in world production, primarily in the state of California, which has %5000 ha (Stover et al., 2007) . Fig trees, depending on the cultivar, may have one or two crops per year (Ferguson et al., 1990) . The first crop of the season is called the breba crop and the second crop is called the main, or fig, crop. The breba crop is produced from overwintering fruit buds on 1-year-old shoots initiated the previous season (Petrucci and Crane, 1950) , and matures around June in the San Joaquin Valley of California (Obenauf et al., 1978) . Some cultivars are important breba producers and are very popular in some Mediterranean production areas. The main or fig crop is produced from fruit buds that differentiate on the current season's shoots (Petrucci and Crane, 1950) and, in the San Joaquin Valley, matures around August to September (Obenauf et al., 1978) . In most of the cultivars, the commercial crop is the main fig crop, while the breba crop yields are low to nearly nonexistent (Dominguez, 1990) , with less flavorful and lower quality fruit (Doster and Michailides, 2007) . For instance, for 'Conadria' fig, breba production represents 10% to 15% of the total annual crop (J. Gil, personal communication).
The fig industry has been affected by increased labor costs (Hendricks et al., 1994) , rendering harvest of the breba crop economically unviable (Stover et al., 2007) . Currently, matured, abscised brebas are blown to the row middles for later collection, or persist on the tree. In both cases, these brebas decay and become potential sites for fungal pathogens and attract insects. In addition, spores produced on infected breba fruits can infect the commercial crop (Doster and Michailides, 2007) and sharply decrease the main crop production and value (Michailides, 2003) . Without effective pest and disease control, these preharvest diseases will continue to develop after harvest. Furthermore, insects can damage fruit, increasing fruit decay susceptibility and becoming fungal vectors (Doster and Michailides, 2007) . Consequently, cost-effective reduction or elimination of the breba crop would be beneficial for reducing decay and/or pest infestations.
Exogenous applications of ethylene-releasing compounds, plant growth regulators (PGRs) used to thin fruit, have been effective in improving fruit yield and quality and decreasing production costs in other fruit commodities. Ethephon is the a.i. (21.7%) in EthrelÒ (Bayer Crop Science, Research Triangle Park, NC), a systemic PGR that, in solutions of pH 4 or higher, decomposes to ethylene, phosphate, and chloride ions (Royal Society of Chemistry, 2007) . Ethylene is widely recognized as an effective agent for accelerating fruit ripening and senescence.
Fig fruit growth occurs in three stages, described by a double sigmoid curve [i.e., initial and final stages of rapid growth (periods 1 and 3) separated by a stage of relatively slow growth (period 2)] (Chessa, 1997; Crane and Brown, 1950; Ferguson et al., 1990 (Crane et al., 1970a (Crane et al., , 1970b . When applied at concentrations of 500 ppm near commercial harvest, fig ripening was enhanced by the ethephon treatment. However, when applied at concentrations of 500 ppm during stage I, ethephon inhibited fruit growth and triggered fruit abscission within 5 to 6 d (Crane et al., 1970a (Crane et al., , 1970b . Only minimal, occasional, vegetative responses, such as leaf epinasty and leaf abscission, were observed (Crane et al., 1970a (Crane et al., , 1970b (Crisosto et al., 1990) . Fall applications of 500 ppm ethephon on peach produced severe injury to flower buds and prevented some flowers from opening (Anderson and Seeley, 1993) , and reduced cell division of the flower buds, resulting in significantly smaller buds and pistils (Gianfagna, 1989 , and an orchard in Chowchilla (orchard C). The plant spacing and tree age of orchards B and C was 10 · 22 ft with 18-year-old trees, and 12 · 28 ft with 20-year-old trees, respectively. To study the effect of preharvest ethephon applications on breba crop load, two growth stages were selected: fall (at leaf abscission) and/or spring (during period 1 of breba fruit growth) treatment.
FALL TREATMENT. For the fall ethephon treatments, 96 trees were selected in 2006 and were subjected to two factors (chemical concentration and time of application) using a 4 · 3 factorial randomized complete block design (RCBD). Four treatments were tested: an untreated control (0), 0.05% surfactant-only or 250 ppm ethephon plus 0.05% surfactant, and 500 ppm ethephon plus 0.05% Triton surfactant (Syngenta Crop Protection, Greensboro, NC). The treatments were applied during natural leaf abscission on 26 Oct., and on 3 and 14 Nov. Each treatment combination had eight replications. As in all the studies conducted herein, the experimental unit comprised a single tree separated from other treatments by a single guard tree on either side. season, the treatments tested were an untreated control, 250 ppm ethephon plus 0.05% surfactant, and 500 ppm ethephon plus 0.05% surfactant. In 2007, a 0.05% surfactant-only treatment was added. The sprays were applied at two different stages of leaf and breba development. The first application (30 Mar. 2006 and 16 Mar. 2007 ) was done at stage 1, just before when leaves were fully expanded and the biggest fruit were about 1.5 to 2 cm in diameter when measured from the sides (Fig. 1) . The second application (18 Apr. 2006 and 23 Mar. 2007 ) was applied halfway through stage 1, when breba fruit and leaves were partially developed.
COMBINATION OF FALL AND SPRING TREATMENTS. In 2007-08, 24, 24, and 48 trees were randomly selected in orchards A, B, and C, respectively, as described above. This season, the experimental design of the ethephon treatments was a 4 · 3 completely randomized design (four chemical concentrations and three locations). The trees were randomly subjected to four different treatments: 500 ppm ethephon applied on 2 Nov. 2007 (fall spray), 300 ppm ethephon applied on 25 Mar. 2008 (spring spray), a combination of fall and spring sprays, and an untreated control. All ethephon treatments were applied with 0.05% surfactant. For orchards A and B, each treatment was applied on six random trees. For orchard C, each treatment was applied on 12 random trees.
All ethephon treatments were applied to the entire tree, until runoff, using a modified SR 420 backpack blower/sprayer (Stihl, Virginia Beach, VA). For instance, in 2007-08 applications, 2.4, 2.3, and 3.7 L of solution per tree were used for orchards A, B, and C, respectively. Based on a treedensity of 320 trees per ha, these volumes are equivalent to 730, 768, and 1190 LÁha for the 300-ppm spring application. (30 Mar. 2006 and 16 Mar. 2007 ) was done at stage 1, just before when leaves were fully expanded and the biggest fruit were about 1.5 to 2 cm (0.59-0.79 inch) in diameter when measured from the sides.
For each season, all fruit were harvested and counted at breba commercial maturity. Trunk circumference was measured at a distance of about 20 cm above the ground, converted to cross sectional area (cm 2 ) and used to express crop load (fruit/cm 2 ). Five to 15 randomly selected brebas per tree were used to calculate individual fruit weight and soluble solids concentration (SSC). For some trees, these measurements were not evaluated due to lack of fruit. The fruit were weighed together with a digital scale (model PM 4000; Mettler Instrument, Hightstown, NJ) and the weight was expressed as grams per fruit. Each fruit was then cut in half longitudinally, and one half of each fruit was used for SSC. The half fruits were wrapped together in two layers of cheesecloth and squeezed with a hand press to obtain a composite juice sample. The juice was used for determination of SSC with a temperature-compensated handheld refractometer (model ATC-1; Atago, Tokyo) and the values were expressed as percentages. In addition, the fig crop was harvested at fig commercial maturity, weighed, and counted. These measurements were expressed as the number or weight of figs harvested per tree and/or per trunk cross-sectional area.
For vegetative measurements, the canopy was divided into four quadrants. Within each quadrant, one branch was randomly selected from midheight in the canopy on 28 Apr. 2006, 9 July 2007, and 28 May 2008. The percentage of vegetative budbreak was determined by dividing the number of new shoots on each branch by the total number of nodes. The length of the new apical shoot growth was also measured on these branches.
Commercially mature breba fruits from trees sprayed with 1000 ppm ethephon and figs from trees sprayed with 500 ppm ethephon both applied on the second fall application (3 Nov.), and commercially mature figs from trees sprayed with 500 ppm ethephon on the first spring application (16 Mar., breba fruit and leaves starting to develop) were analyzed in 2007 for ethephon residues. Anresco Laboratories in San Francisco, CA, analyzed the fig samples for ethephon residues by the gas liquid chromatographic method of ethephon and fenoprop in apples, with a detection limit of 0.10 ppm (Cochrane et al., 1976) .
DATA ANALYSIS. The data were subjected to analysis of variance [multifactor analysis of variance (ANOVA)] and regression analysis with SPSS (base 16.0 for Windows; SPSS, Chicago), and significance was tested at P £ 0.05. Mean separation was determined by Tukey's honestly significant difference (HSD) at P £ 0.05.
Results and discussion
FALL TREATMENTS. From the ethephon treatments applied during Fall 2006 (0, 250, and 500 ppm), ethephon at either concentration did not significantly reduce the number of brebas harvested per tree (P = 0.133) or the number of brebas harvested per trunk cross-sectional area (P = 0.106). The time of application and the interaction between concentration and time of application not did not have a significant effect on number of brebas harvested per tree or number of brebas harvested per trunk cross-sectional area. Also, the 0.05% surfactant treatment did not significantly affect breba crop load (Table 1 ). There were no significant differences between applications of 250 and 500 ppm ethephon and untreated ability to reduce the breba crop load, but crop load did decrease 20% and 35%, respectively, with increasing concentration, (Table  1) . Fall ethephon concentration, timing of application, and the interaction among treatments did not have a significant effect on budbreak, breba weight (33.9 g), breba SSC (19.3%), or number of figs counted per branch 15 d before fig harvest (data not shown) .
SPRING TREATMENTS. Spring applications of 250 and 500 ppm ethephon significantly reduced breba crop load relative to the untreated control in 2006, and untreated control and surfactant in 2007 (Tables 2 and 3) . In both seasons, there were no significant differences between ethephon concentrations. These ethephon concentrations represented a 67% and 87% reduction in the number of brebas harvested per tree and a 76% and 97% reduction in the number of brebas harvested per trunk cross-sectional area from the untreated control in 2006 and 2007, respectively. As in the fall ethephon treatments, the 0.05% surfactant had no effect on the number of brebas harvested per tree or the number of brebas harvested per trunk crosssectional area (only evaluated in 2007, Table 3 ).
In both seasons, the time of application did not significantly affect breba crop load. However, in the high breba crop season (2006), the first spring application (onset of breba fruit and leaf development) more effectively reduced breba crop load (%40% of the control) than the second application, roughly 70% of the control ( COMBINATION OF FALL AND SPRING TREATMENTS. Combined spring and fall ethephon treatments had a significant effect on the number of brebas harvested per tree and the number of brebas harvested per trunk cross-sectional area. Spring application of 300 ppm ethephon and the combination of fall 500 ppm ethephon plus spring 300 ppm ethephon were the most effective treatments in reducing the breba crop. These treatments reduced the number of brebas harvested per tree and the number of brebas harvested per trunk cross-sectional area by %86% (Table 4) . Although fall application of 500 ppm ethephon alone significantly reduced the number of brebas harvested per trunk cross-sectional area relative to the control (Table 4) , it resulted in significantly more breba fruit on the trees than the spring treatment or the combination of fall and spring treatments. These results suggest that the spring 300 ppm ethephon treatment is the more effective component of the combined fall 500 ppm ethephon plus spring 300 ppm ethephon application. Thus, spring ethephon was the more effective and inexpensive treatment (about $16 per hectare) to reduce the breba crop.
The number of brebas harvested per untreated tree varied among orchards (Table 4) . Trees in orchard C (Chowchilla) yielded a higher number of brebas per untreated tree (153.2) than the orchards in Madera (79.8 and 62.8) for orchards A and B, respectively, which may be due to the significantly higher trunk circumference (tree vigor) of the trees in orchard C. There was a positive and significant relationship between trunk circumference and the number of brebas harvested per untreated tree (adjusted R 2 = 0.62, P = 0.000). This explains the lack of statistical difference in the number of brebas harvested per trunk cross-sectional area among orchards (Table 4) (Table 5) .
These results indicate that the reduction of the first crop (breba) by ethephon does not affect the second or main crop yield (fig). In fact, the breba crop of the untreated control, under this orchard's conditions, did not The circumference of the trunk of each tree was measured at a distance of about 20 cm (7.9 inches) above the ground and was converted to cross sectional area; 1 breba/cm 2 = 6.4516 breba/inch 2 . y Means followed by the same letter are not significantly different within a column via Tukey's honestly significant difference test at P £ 0.05. The circumference of the trunk of each tree was measured at a distance of about 20 cm (7.9 inches) above the ground and was converted to cross sectional area; 1 breba/cm 2 = 6.4516 breba/inch 2 . y Means followed by the same letter are not significantly different within a column via Tukey's honestly significant difference test at P £ 0.05.
adversely impact fruit quality of the second crop as a result of increased competition for assimilates. This was probably due to the low amount of breba fruit relative to total tree canopy size. The results obtained in this study agree with the results observed by Crane et al. (1970a Crane et al. ( , 1970b ) and with our preliminary study; both were branch studies. However, in this study, lower ethephon concentrations (250 vs. 500 ppm) provided satisfactory breba crop reduction. However, for fall leaf drop applications, ethephon concentrations higher than those recommended in peach (Prunus persica) were needed to reduce breba crop load.
Ethephon treatments did not have a significant effect on percentage of budbreak in any of the three test years (Tables 1-4 ). The only difference in percentage of budbreak was among orchards in 2008 (Table 4) , possibly due to differing tree ages, cultural practices, and orchard vigor. Orchard A had significantly higher number of nodes per branch (13.9 nodes) than the other two orchards (9.3 nodes), and orchard C had significantly lower number of shoots per branch (1.9 shoots) than the two orchards in Madera (2.4 shoots). Therefore, orchard B had the highest percentage of budbreak (29.5%) and orchard A had the lowest (21.9%). In the two previous years , the percentages of budbreak of orchard A was around 24.8%. Length of the apical shoot was unaffected by ethephon treatments in 2008 (not measured in previous years, data not shown), but this measurement was different among orchards, being higher for orchard A (11.1 cm) in comparison with orchards B and C (5.9 and 6.7 cm, respectively). 
Conclusions
These results demonstrate that a safe, inexpensive, and effective way to reduce breba crop has been developed for the fig industry. A very early spring ethephon application of 300 ppm, when breba fruit and leaves are (Fig. 1 ) just starting to develop and figs are not present, effectively reduced breba crop load by %92%. A 500 ppm fall ethephon application during leaf abscission also resulted in significant breba crop load reductions (%30%). However, the fall ethephon treatment was significantly less effective in breba reduction than the spring ethephon treatments. These fall and/ or spring ethephon treatments did not affect the percentage of budbreak, breba weight, breba SSC, fig crop load,  fig weight, or ethephon residues. Currently, ethephon is included in the federal IR-4 program and residue studies are ongoing as a protocol for future registration. z Circumference of the trunk of each tree was measured at a distance of about 20 cm (7.9 inches) above the ground and was converted to cross sectional area; 1 breba/cm 2 = 6.4516 breba/inch 2 . y Means followed by the same letter are not significantly different within a column via Tukey's honestly significant difference test at P £ 0.05. y The circumference of the trunk of each tree was measured at a distance of about 20 cm (7.9 inches) above the ground and was converted to cross sectional area; 1 kgÁcm -2 = 14.2233 lb/inch 2 . x 1 g = 0.0353 oz.
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